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PERSPECTIVE

Global natural history infrastructure requires international 
solidarity, support, and investment in local capacity
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Amid global challenges like climate change, extinctions, and 
disease epidemics, science and society require nuanced, 
international solutions that are grounded in robust, 
interdisciplinary perspectives and datasets that span deep 
time. Natural history collections, from modern biological 
specimens to the archaeological and fossil records, are crucial 
tools for understanding cultural and biological processes 
that shape our modern world. At the same time, natural 
history collections in low and middle-income countries are 
at-risk and underresourced, imperiling efforts to build the 
infrastructure and scientific capacity necessary to tackle 
critical challenges. The case of Mongolia exemplifies the 
unique challenges of preserving natural history collections 
in a country with limited financial resources under the 
thumb of scientific colonialism. Specifically, the lack of 
biorepository infrastructure throughout Mongolia stymies 
efforts to study or respond to large-scale environmental 
changes of the modern era. Investment in museum capacity 
and training to develop locally-accessible collections that 
characterize natural communities over time and space 
must be a key priority for a future where understanding 
climate scenarios, predicting, and responding to zoonotic 
disease, making informed conservation choices, or adapting 
to agricultural challenges, will be all but impossible without 
relevant and accessible collections.
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 As countries around the world navigate the effects of rapid 
and severe climate change, biodiversity declines, and recur-
ring wildlife and human epidemics, these global challenges 
have also underscored our collective interdependence as a 
scientific community. Complex global problems require 
nuanced, international solutions that are grounded in robust, 
interdisciplinary perspectives. Among the most important 
tools for addressing the challenges of the 21st century are 
natural history collections, which curate critical archaeolog-
ical, paleobiological, and biological resources necessary to 
anticipate and respond effectively to global change. Natural 
history collections play crucial roles in understanding the 
distributions of biodiversity, past and present ( 1 ,  2 ); exploring 
taxonomy, phylogeny, and conservation ( 3 ); assessing causes 
of biodiversity decline and loss ( 4 ); informing endangered 
species recovery ( 5 ); tracking wildlife reservoirs of infectious 
diseases to help anticipate and mitigate future outbreaks 
( 6   – 8 ); identifying and tracking how environmental pollutants 

circulate ( 9 ,  10 ); and reconstructing sustainable practices in 
animal husbandry and pasture management ( 11 ). As these 
challenges are poised to accelerate in the 21st century, devel-
oping effective responses require datasets that are locally 
relevant to the world’s diverse landscapes and ecosystems, 
and can trace cultural and biological change across different 
timescales. 

Global Threats to Natural History Collections

 Globally, natural history collections are at-risk, understaffed, 
and underresourced, undermining efforts to build both the 
infrastructure and scientific capacity necessary to tackle critical 
challenges. Even at major western institutions, natural history 
collections and associated expertise face a perpetual struggle 
for funding, administrative support, facilities upkeep, and 
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retention of qualified staff ( 12 ). The peril of these issues is 
illustrated by the recent proposal to close the herbarium at 
Duke University, the largest plant repository in the southeast-
ern United States ( 2 ). When such a facility closes, collections 
may be lost or transferred to distant repositories, reducing 
access to specimens for those asking locally relevant scientific 
questions, and local researchers asking questions of global 
significance ( 12 ). Perhaps most importantly, the loss of collec-
tions infrastructure and expertise also represents the loss of 
crucial opportunities for training and specimen-based educa-
tion ( 13 ). Such opportunities are necessary to cultivate future 
generations of scientists capable of tackling ambitious ques-
tions that scale across time, space, taxonomic domains, and 
focus on biodiversity, evolution, and/or long-term human–
environmental interactions; questions that often require nat-
ural history objects and associated metadata to answer.

 Importantly, collections infrastructure is unevenly distrib-
uted across the globe. In some of the most ecologically and 
culturally significant regions of the world, the facilities and 
financial commitments necessary to collect, curate, or inter-
pret specimens remain minimally allocated, leaving valuable 
materials at immediate risk of loss and limiting capacity for 
pursuing critical biodiversity discovery and surveillance pro-
grams ( 14 ,  15 ). The lack of locally anchored natural history 
infrastructure in the developing world and the Global South 
( 16 ) represents a failure of the colonial scientific system, leav-
ing many regions without the tools, training, or datasets 
needed to understand changing local landscapes and navi-
gate contemporary biological problems. Here, we explore 
the scope of these issues using a detailed case study from 
the nation of Mongolia.  

The Promise of Mongolian Museum Collections

 With a population of just under 3.4 million and situated 
between two superpowers (the Russian Federation and 
People’s Republic of China) in the heart of Asia, Mongolia 
highlights these unique challenges. Defined largely by the 
geography of the high, arid, and grassy Mongolian Plateau, 
Mongolia’s people, plants, fungi, animals, and microorgan-
isms have had a tremendous yet incompletely characterized 
impact on organismal evolution and the broad trajectory of 
human history. This region offers perhaps the most signifi-
cant global window into Mesozoic paleontology ( 17 ) and may 
in fact be an origination site for placental mammals ( 18 ,  19 ). 
The region also likely played a key role in the initial dispersal 
of early humans into East Asia, and recent discoveries indi-
cate that it was a locus of interactions among various early 
hominins, including Homo sapiens , Neanderthals, and 
Denisovans ( 20   – 22 ). Later in human history, Mongolia was a 
likely vector for the initial dispersal of domestic livestock such 
as sheep, goat, cattle, and horse into eastern reaches of the 
Asian continent ( 23   – 25 ). Over the most recent three millen-
nia, pastoral empires from the region rose to the position of 
global superpowers, including the Mongol Empire, which 
formed the largest contiguous land empire in human history. 
These states centered Mongolian capitals as focal points for 
the exchange of people, goods, culture, and ideas ( 26 ). 
Pastoral polities drew together plants and animals from dif-
ferent areas of Eurasia ( 27 ,  28 ), integrated previously dispa-
rate human populations ( 29 ,  30 ), and played a crucial role in 

formalized trade and communication links across Eurasia via 
such means as the Mongol postal relay ( 31 ) and the Silk Road 
trade routes ( 32 ).

 Continuing to piece together these historical events 
depends on Mongolian museum collections, which now are 
playing a dual role in understanding biodiversity response 
to various global change drivers. Many steppe mammals are 
hypothesized as pathogen reservoirs, such as the causative 
agents of brucellosis (Brucella abortus ), foot-and-mouth dis-
ease (FMD virus), and plague (Yersinia pestis ) ( 33   – 35 ), a dis-
ease that profoundly shaped Eurasian and African prehistory 
and continues to pose significant human and wildlife threats 
today. Mongolia is a major junction for migratory birds such 
as ducks, swans, shelducks, and gulls that transmit highly 
pathogenic avian influenza viruses (H5N1, H3N8) between 
breeding sites in Mongolia and wintering grounds in other 
Asian countries ( 36 ). Natural history collections could enable 
examination of ancient or contemporary pathogen reservoirs 
within the region, helping to understand why these zoonoses 
emerged into human populations and caused recurrent dev-
astating epidemics, and elucidating the relationships 
between human–animal interactions, disease emergence, 
and prediction and control efforts in present-day popula-
tions. Mongolia is also experiencing more rapid rates of cli-
mate change than the world average ( 37 ), threatening the 
traditional livelihood of steppe herders ( 38 ,  39 ), while also 
offering an important opportunity to investigate what 
changes in biodiversity, environment, and society the future 
might hold for the rest of the world ( 40         – 45 ).

 Today, Mongolia continues to be a major crossroads for 
humanity, with future transformations of natural environ-
ments ensured as a consequence of China’s massive and ever-
changing Belt and Road Initiative ( 46 ). However, a lack of 
long-term biodiversity sampling and biorepository infrastruc-
ture throughout Mongolia has and will continue to stymie 
efforts to monitor and mitigate the large-scale changes from 
this immense international development initiative. Natural 
history collections, when built to represent systematic sam-
pling of natural communities over time and space, are among 
our best tools to assess anthropogenic impact in the dynamic 
world we live in today ( 9 ,  47 ). Cultural and anthropological 
collections, while often underappreciated, are critical tools for 
understanding processes like globalization, climate change, 
infectious disease emergence, and extinction ( 48 ,  49 ).

 Mongolian museums house a wealth of critically important 
scientific materials, but many struggle with inadequate collec-
tions housing, and few are accessible to researchers or the 
public either physically or digitally. Major animal and plant 
collections, including vertebrate, invertebrate, and fungi col-
lections are stored in museums at the National University of 
Mongolia, Mongolian Academy of Sciences, Natural History 
Museum, and in provincial museums. Based on our informal 
survey of collections data for Mongolian repositories available 
on the web, the Natural History Museum of Mongolia houses 
approximately 13,000 specimens, with 90 percent classified 
as biological, 5.3 percent as geological, and 4.1 percent pale-
ontological ( 50 ). More than 3,300 specimens are prepared for 
exhibition, but about one-fifth of these are displayed in tem-
porary housing. Mongolia also has two internationally indexed 
herbaria. The herbarium of National University of Mongolia 
(Index Herbariorum code: UBU) is maintained by the National D
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University of Mongolia and stores ~71,000 plant specimens, 
and the herbarium maintained by the Botanic Garden and 
Research Institute of the Mongolian Academy of Sciences 
(index code: UBA) houses over 128,000 specimens represent-
ing plants and other organisms (e.g., algae, fungi, lichens, etc.) 
( 51 ). These museums struggle to expand their collections, but 
both facilities are collaborating with minimal funding on digi-
tization initiatives. For zoology, the National University of 
Mongolia (NUM) houses about 300,000 invertebrate speci-
mens and 3,000 vertebrate specimens, along with a small 
museum displaying around 750 animal specimens. The col-
lections of the Institute of Biology of the Mongolian Academy 
of Sciences cares for over 4,100 specimens representing and 
documenting 115 species of mammals, and about 1,400 fish 
specimens including nearly all species that occur in Mongolia. 
The same institute houses about 100,000 specimens of insects 
including type specimens of over 3,000 species, and over 8,000 

pure cultures of microorganisms including fungi, yeasts, actin-
omycetes, chromista, bacteria, and archaea. The NUM micro-
organism collection maintains pure cultures of 115 species of 
yeasts and 26 species of bacteria, but this represents a small 
fraction of the rich biodiversity of understudied beneficial and 
probiotic microbes currently under cultivation by Mongolia’s 
nomadic pastoralists.  

Museum Infrastructure, Training, and 
Accessibility in Mongolia

 Despite the existence of these important, globally unique 
collections ( Fig. 1 A  and B  ) and the outsized role of the region 
in the evolving human story, crumbling infrastructure severely 
inhibits the safeguarding or study of these materials. Since 
the withdrawal of a formal Soviet presence in the 1990s, the 
country’s museums and research facilities have suffered from 

Fig. 1.   (A) (Top) Geographic points of origin for Mongo-
lian fossil specimens in PBDB (The Paleobiology Data-
Base), by geologic era. (B) (second from Top) Geographic 
points of origin for Mongolian biological specimens in 
GBIF (Global Biodiversity Information Facility). (C) (third 
from Top) Mongolian museum specimens digitized in 
GBIF, by country of curation. (D) (Bottom) Mongolian 
occurrence records in GBIF, by decade.D
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unrelenting financial drought, with many institutions strug-
gling to remain viable. Museum infrastructure is heavily 
dependent on funding from foreign collaborations to conduct 
basic research, but foreign projects typically budget only for 
field and data generation expenses and not long-term cura-
tion, storage, or collections infrastructure; in fact, investment 
in local infrastructure and capacity building is explicitly pro-
hibited by many foreign granting agencies. In 2013, Mongolia’s 
Museum of Natural History shuttered its doors and was not 
reopened, with the building finally torn down in early 2019 
for the construction of a new history museum. Although 
another facility (formerly the Central Dinosaur Museum) has 
now been given the Natural History moniker, the reference 
collections and research space that once housed some of the 
world’s most important biological materials have not yet been 
replaced, with many collections still lingering in storage with 
precarious and limited accessibility. For microbes, heritage 
microbial ferments are being lost at an alarming rate due to 
climate instability, even as their medical and economic poten-
tial is only just now becoming apparent.        

 The cost of these missteps is dire. Within Mongolia, 
almost no comparative skeletal collections are available to 
conduct faunal identifications or comparisons. As a result, 
even basic analytical tasks, like morphological identification, 
may be unreliable—producing miscalculations that can be 
systemic and consequential to key scientific narratives ( 52 ). 
For example, while archaeological marmot (Marmota  spp.) 
remains are crucial to understanding the deep history of 
the Eurasian plague (e.g., using ancient DNA techniques), 
few such specimens have been identified or retained in 
Mongolian museum collections. Due to the lack of facilities, 
biological or zooarchaeological materials are often dis-
carded, poorly curated and unavailable, or exported to over-
seas collections. From publicly available information, for 
example, the Martin Luther University in Halle-Wittenberg, 
Germany, alone boasts maintaining one of the largest 
Mongolian vertebrate collections in the world ( 53 ) and their 
collection of Mongolian plants (HAL Herbarium) totals 
approximately 12,500 specimens comprising 1,698 species 
and subspecies ( 54 ). Two of the other largest collections of 
Mongolian plants in Germany are at the Plant Genetics 
Institute in Gaterslebem (GAT Herbarium) and Herbarium 
of the University of Greifswald (GFW), housing 10,500 and 
5,000 specimens from the country, respectively ( 55 ). These 
three herbarium collections alone contain more than double 
the total amount of specimens curated at the Natural 
History Museum of Mongolia.

 Although overseas curation does help ensure viability of 
some natural history specimens, the absence of comparable 
resources in Mongolia risks perpetuating scientific colonial-
ism ( Fig. 1C  ), eventually limiting access for both foreign and 
domestic Mongolian scholars ( 56 ). Travel costs and visa 
requirements are prohibitive barriers to Mongolian scien-
tists studying their own natural and cultural heritage, and 
perhaps more significantly, Mongolian students find few 
opportunities for in-country training and career develop-
ment. In digitized collections, although repository data 
demonstrate the growing importance of Mongolian collec-
tions to the international scientific community, almost none 
of Mongolia’s domestic collections have been digitized ( Fig. 1 
﻿C  and D  ).

 Meanwhile, many specimens are subject to widespread 
looting and illicit trade at a scale that is difficult to quantify. 
In September of 2024, Mongolia requested a Memorandum 
of Understanding with the United States Bureau of 
Educational and Cultural Affairs, seeking “protection of its 
cultural objects including archaeological material” for import 
restrictions ( 57 ), and earlier this same year a high-profile 
crackdown on illicit trade in paleontological specimens 
resulted in the return of a Tarbosaurus  skull purchased at 
auction by the celebrity Nicholas Cage ( 58 ).

 Microbial heritage management has not fared better. 
Inadequate funding for culture collection and maintenance 
has resulted in a scenario in which Mongolia, a country with 
a veritable wealth of probiotic culinary microbes, imports 
nearly all of the microbial starter cultures for its commercial 
food and beverage production. Even scientific papers them-
selves in Mongolia are at risk, with few Mongolian language 
journals stored in stable digital archives or integrated with 
international scholarship repositories. All of this contributes 
to a global asymmetry of natural history knowledge that 
imperils scientific research and collaboration and which is 
too common in the developing world ( 59 ).  

Toward a Solution

 We call upon the international scientific community to take 
urgent steps ( Fig. 2 ) to develop a sustained plan of action to 
restore and build natural history infrastructure and human 
capacity in Mongolia, as well as in other parts of the 

Fig. 2.   The impact of Mongolian collections, and solutions for realizing their 
potential.D
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developing world, in line with the Access and Benefit-Sharing 
principles called for in international agreements such as the 
Nagoya Protocol of the Convention on Biological Diversity ( 60 ).        

 In many ways, the global scientific community cannot 
afford not to correct these gaps in the museum record—a 
recent quantification from the GBIF suggested that for every 
pound spent on this kind of shared infrastructure, users 
received a threefold direct benefit, and a 12-fold return in 
social benefits, from time and infrastructure savings to 
expanded research impact in everything from industry to 
policy ( 61 ). To address the issues of infrastructure, sample 
collection/curation, and training, we recommend strengthen-
ing infrastructure (both digital and physical), expanding col-
lections, and improving training opportunities to build human 
capacity in field collection, curation, and specimen-based 
research. Improving infrastructure will likely require collabo-
rative design and action from foreign partners, as well as 
government commitments and funding for facilities from 
international funding agencies, including those connected 
with American government sources, such as USAID’s PEER 
program and others such as the Ambassador’s Fund for 
Cultural Preservation. Even small or preliminary steps, such 
as building a stable digital repository for existing specimen 
data and scholarship for Mongolian institutions in partner-
ship with American organizations in position to do so, will 
help build momentum toward sustained domestic capacity.

 Improving sample collection for Mongolian repositories 
will entail building in-country capacity, through participation 
of local community members in fieldwork, university training 
of young professionals, and larger collections initiatives ( 62 ). 
International projects should seek out funders who permit 
investment in local infrastructure and find ways to allocate 
significant funds from every project towards training, collec-
tions, and curation. At the same time, institutions should 
require collections-producing projects to include a plan for 
generating local collections, or sample transfer agreements 
that require specimens to be shared or returned. Finally, 

training can be improved not only through investments in 
higher education but also by genuine involvement of 
Mongolian scientists, especially early-career scholars, in pro-
ject research design and implementation, as well as expand-
ing partnerships with international institutions through 
mutual exchange programs, and externally funded programs 
( 12 ) such as USAID’s PEER.

 In a time of rapid environmental change, the case study of 
Mongolia highlights a set of global challenges in building fun-
damental science infrastructure, developing capacity, and 
creating more equitable access to locally anchored collections 
across the world. These challenges are manifest from colonial 
legacy across the Global South to even otherwise well-funded 
institutions in Europe and North America. Establishment of 
secure, domestic repositories for natural history materials 
with trained staff and a stable budget will stimulate local data 
collection and investment in laboratory resources and encour-
age the repatriation of biological and cultural heritage that is 
currently curated beyond Mongolia’s borders. Strengthening 
local capacity through expanded support and funding at the 
international, state, and local levels—both in Mongolia and 
around the world, from the United States and Europe to the 
Global South—will improve collective ability to recognize, 
trace, and respond to global crises, including infectious dis-
ease outbreaks, and to contextualize both modern and 
ancient biological changes at deeper timescales. Healthy 
museums are natural centers of training for generations of 
homegrown scientists who are empowered and capable of 
leading efforts to document, study, and preserve the biolog-
ical and cultural heritage of their community and their nation, 
ultimately serving the interests of all humanity.    

Data, Materials, and Software Availability. All study data are included in 
the main text.
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